Abstract
Introduction 1
Since the advent of the concept "-omics" in "genomics", "proteomics" and 2 "metabolomics" there has been inflationary use of this term. In case of foods, 3 "foodomics" have been introduced into the scientific literature by Cifuentes [1] and 4 according to a first definition it is a "discipline that studies the Food and Nutrition 5 domains through the application and integration of advanced -omics technologies 6 to improve consumer's well-being, health, and knowledge". However, this definition 7
could be even broadened to analyze food's functionality, sensation, nutritional value 8 and safety along with its history, origin, ecologic footprint and/or authenticity. In 9 total, foodomics should provide a holistic and comprehensive understanding of a 10
food's quality. Moreover, in view ofthe "-omics" terminology the "Foodome" can be 11 seen as the "collection of all compounds present at a given time in an investigated 12 food sample and/or in a biological system interacting with the investigated food" [A. 
Targeted Metabolomics for Quantitation 1
As maximum levels (ML)s for many mycotoxins are at sub ppb levels, e.g. 0.05 µg/kg 2 for Aflatoxin M1, accuracy at these trace amounts poses a particular challenge. To 3 achieve the necessary sensitivity and trueness, targeted metabolomics are the 4 method of choice. In this respect, the development of multi-methods was an 5 important aim for analysts and the availability of recent LC-MS equipments rendered 6 this goal accessible. For being eligible for controlling the MLs, the methods have to 7 meet the respective regulations, which requires a specific minimum of "identification 8 points" (IPs) [14] . Specificity of the methods was achieved either by application of 9 triple quadrupole mass detectors (QqQ) or high-resolution instruments such as time- and could highlight the possible occurrence of much more toxins in foods than ever 18 expected [15] . By using the Orbitrap TM as a high resolution mass analyzer coupled to 19 HPLC, Lehner et al. [16] achieved to identify and quantitate 200 fungal metabolites in 20 foods. Another HRMS method, namely LC-QTOF is also reported in targeted 21 mycotoxin analysis to identify 26 toxins in cereals [17] . When comparing LC-QqQ-22
MS with LC-Orbitrap TM MS in targeted metabolomics, it has to be mentioned that in 23 a meta-analysis the triple quadrupole coupling revealed a significantly higher8 1 As targeted metabolomics are mainly used for quantitation, the downside of LC-MS 2 in this respect has to be mentioned. As signal intensity depends on ionization 3 efficiency, matrix interferences are most likely to affect signal intensity [19] . 4
Therefore, accurate quantitation is often limited, particularly if the required sensitivity 5 does not allow for alleviating the matrix effects by simple dilution. A method of choice 6 to circumvent this problem is the use of internal standards labelled by stable isotopes 7 in a so-called stable isotope dilution assay (SIDA), which is decribed in several 8 reviews [19, 20] . Moreover, targeted approaches often involve extensive sample 9 cleanup to reduce matrix interferences and to increase sensitivity and specificity. 10
With regard to superior specificity, immuno affinity cleanup, on the one hand, 11 provides the purest extracts, but is hardly applicable for multi-analyte methods. On 12 the other hand, a rather unspecific, but easy clean-up is available with dispersive 13 solid-phase extraction (DSPE), commonly known as QuEChERS (Quick, Easy, 14
Cheap, Effective, Rugged, Safe) [21] . Nevertheless, LC-MS methods without any 15 clean-up (dilute-and-shoot) are popular, but often lack the sensivity for controlling 16
MLs [15] . 17 
18
The use of stable isotopically labelled standards compensate for losses during clean-19 up and for discrimination due to ion suppression. Moreover, the use of stable 20 isotope-labelled standards allows for additional confirmation as the labelled 21 isotopologue will appear at the same retention time as the analyte in the specified 22 multiple reaction monitoring (MRM) trace. An overview of some currently used 23 labelled standards is presented in Table 1 . 
Non-Targeted Metabolomics for Tentative Identification and Studies on 6

Biosynthesis of Mycotoxins 7
In non-targeted metabolomics, several thousand features may typically be observed. 8
This requires higher resolving technologies in chromatography, spectrometry or 9 spectroscopy. This capacity can thus be achieved with high resolving electrophoretic 10 or chromatographic methods such as CE, GC or ultra performance liquid 11 chromatography (UPLC) and/or high resolution mass spectrometry (HRMS). High 12 resolving chromatography coupled to HRMS only works, if the scan rate of the mass 13 detector is higher than the typical peak width of the chromatographic method. Among 14 the mass detectors, this is only the case for the Orbitrap an MS with respect to this capability, the following performance criteria have to be 22 considered: mass resolving power, mass accuracy and sensitivity. These have 23 already been reviewed recently [29] , but shall be detailed here again: Mass resolving 24 power is defined as "the observed mass centroid divided by the mass peak width at10 50% height for a well isolated single mass spectral peak. This is well known as full 1 width at half maximum (FWHM) of peak height". 2
3
Mass accuracy is defined as the ability of any mass analyzer to obtain an 4 experimental mass, which ideally matches (as much as possible) the theoretical 5 mass of a given sum formula. Higher mass accuracy correlates with lower difference 6 between the experimental and theoretical mass of a given sum formula. Sensitivity is 7 the observed change in ion curent per unit mass of sample flow through the ion 8
Source. Sensitivity depends on the limit of detection, which is "the minimal 9
concentration of a compound leading to a peak intensity greater than a specified 10 signal-to-noise ratio (S/N)". Relative sensitivity can be compared on the basis of S/N. 11
The range of mass spectrometers with respect to mass resolution is shown in Figure  12 2 along with resolving efficiency of different separation methods. coupling to chromatography and due to their higher mass range, TOF mass 19 spectrometers are often combined with matrix-assisted laser desorption ionization 20 (MALDI). Although MALDI-TOF is mainly used for compounds of higher molecular 21 masses such as proteins, some applications to mycotoxins have been reported [32] . 22
In this study, MALDI-TOF has also been applied to imaging of ochratoxins and 23 fumonisins in mouldy foods. 24 mycotoxins, pesticides as well as antibiotics in bakery products [36] . In the latter 20 study, the utilized single stage Orbitrap TM mass analyzer was set up to a mass 21 resolving power of 50,000 in order to achieve a good compromise between an 22 adequate chromatographic scan speed and mass spectrometric selectivity. Limit of 23 quantifications between 5 and 100 g/kg were achieved. 24
13
As mycotoxins are formed by the fungi when growing on a substrate or in interaction 1 with a host organism, it is difficult to differentiate the toxin's metabolites from those of 2 the substrate or of the host. Therefore, in mycotoxin research the use of stable 3 isotope labelling (SIL) of precursors for biotransfomation has been introduced by 4
Kluger et al. [37] . The latter authors applied a 1+1 mixture of DON and U- has also been applied to investigating the biosynthesis of mycotoxins, e.g. of 15
fusarins produced by Fusarium fujikuroi [39] . Interestingly, the latter authors 16 combined HRMS with NMR spectroscopic studies and genomics. 17 which normally have limited sampling frequency. It should be mentioned that for m/z< 80 amu (for example) very high sampling frequencies should be provided for 1 detection and this represents a real limitation of the working digitizers of the ICR 2 mass analyzers. The higher the magnetic strength, the higher are the generated 3 cyclotron frequencies of the detected ions. This also applies a further limit of 4 functionality of the digitizers, which are coupled to the ICR cells for detection. Given 5 its ultra high resolving power, FT-ICR-MS has been reportedly applied to 6 metabolomics. As coupling to chromatography is not reasonable, either direct 7 infusion of the initial extract or a chromatographic fractionation was applied, prior to 8 direct sample injection of each fraction into the FT-MS instrument (off-line approach). 9
This is due to the fact, that long time domain transient lengths need to be applied in 10 the FT-ICR-MS technique in order to obtain ultra high mass resolving power, 11 especially for relatively high m/z ratios above 500 amu. However, UPLC can achieve 12 high resolution separation within only few minutes of a chromatogram, whereas FT- AOH by direct infusion, due to its limited ionization in the negative ionization mode of 24 electrospray given that AOH contains only OH groups that can be deprotonated but16 no carboxylic groups. Thus the juice had to be purified and concentrated by solid 1 phase extraction (SPE). Similarly to our SIDAs reported recently, we also added 2 
Data management in HRMS 18
Generally, non-targeted metabolomics in the field of moulded foods provides combined and converted into elementary formulae thus reducing the data set by 10 matching from both HRMS methods. Thereafter, the set is further reduced by using 11 the NetCalc annotation approach based on mass difference and network analysis 12 
Approaches for unambiguous identification of metabolites and structural 11 assignment 12
According to the mass accuracy of the applied MS, elementary formulae can be 13 assigned with a certain validity. Using an ultra high resolving instrument and 14 assuming the most probable bioelements, the calculated formula is trustworthy. would be NMR spectroscopy. In case of glucosides or other complex structures two-14 dimensional NMR spectroscopy will also be essential to clearly elucidate the binding 15 of the single atoms to each other. The last step in unambigous structural assignment 16 then would be the total synthesis of the molecule by using defined chemical 17
procedures. 18 19
Proteomics, Transcriptomics and Genomics 20
With respect to mycotoxins, the other omics approaches mainly have been applied to 21 elucidate their biosynthesis or regulation of their formation in interaction with other 22 organisms. As these studies were rarely related to food or food quality, they may not 23 be assigned to foodomics. Therefore, only some representative studies are detailed 24
here. In regard to genomics related to biosynthesis of mycotoxins, LC-Orbitrap HRMS are possible. However, the better the peak separation in UPLC is, the higher 21 the scan rate of the employed mass spectrometer has to be. Vice versa, massspectrometric resolution decreases with higher scan rates, thus compromising the 23 combination applied. The coupling of UPLC to FT-ICR-MS would give the largest set 24 of acurrate elementary formulae, but is not feasible up to date, due to long21 acquisition time-domain transients (low MS scan rate compared to quick UPLC 1 separation). Thus a combination of FT-ICR-MS and LC-QToF data currently gives 2 the most comprehensive data set. A very powerful feature of all HRMS instruments 3 is that they allow a retrospective data treatment [54] , which renders the assessment 4 of a sample in principle independently from the moment it has been analyzed. 5
Fragmentation of the compounds can be comprehensively applied on-line by data-6 independent analysis (DIA), which allows to obtaining further structural information in 7 the future, when the signal has to be reprocessed. Thus, the information on the 8 sample is preserved and currently "masked" mycotoxins are already "unmasked" at 9 the time of measurement. Therefore, the newly defined "maskedome" [55] may 10 already be included in the recorded "mycobolome". This also applies to the 11 differentiation between "expected knowns", "unexpected knowns", "expected 12 knowns" and "unexpected unknowns" [8] , which all may be preserved in the whole 13 data set recorded. It will only depend on the time when the data are interpreted, 14 whether a signal belongs to the "unexpected unknowns" or the "expected knowns". 15
16
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